The transitional epithelium of the rat urinary bladder was successfully dissociated to single cells and/or clumps of several attached cells, and the morphological features were well preserved in most of the cells. After tissue dissociation, therefore, three cell types, i. e., superficial, intermediate and basal cells, from the epithelium could be clearly and easily identified under the electron microscope. Ferritin-conjugated concanavalin A (Fer-ConA) and Ricinus communis agglutinin (Fer-RCA) binding sites on the surface of the dissociated cells were examined and compared by transmission electron microscopy.
The transitional epithelium of the rat urinary bladder was successfully dissociated to single cells and/or clumps of several attached cells, and the morphological features were well preserved in most of the cells. After tissue dissociation, therefore, three cell types, i. e., superficial, intermediate and basal cells, from the epithelium could be clearly and easily identified under the electron microscope. Ferritin-conjugated concanavalin A (Fer-ConA) and Ricinus communis agglutinin (Fer-RCA) binding sites on the surface of the dissociated cells were examined and compared by transmission electron microscopy.
In the dissociated superficial cell, Fer-ConA binding sites were essentially negative on the apical plasma membrane except for on its ridge regions, while they were numerous and continuous on the basolateral plasma membrane. Thus, between the apical and the basolateral portions of the plasma membrane, there were obvious regional differences in ConA binding pattern as well as differences in morphological features. On the plasma membrane of the dissociated intermediate cell, Fer-ConA binding sites were distributed irregularly; and on the entire surface of the basal cell, they displayed an even and continuous distribution.
In other words, the particular regions of the plasma membrane of the cell types that contained the asymmetric unit membrane lacked Fer-ConA, while the remaining regions with the ordinary unit membrane had numerous sites of Fer-ConA labeling. The basal cell showed the highest density of FerConA binding sites on the plasma membrane among all the cell types.
Fer-RCA binding sites on the surface of the plasma membrane were numerous and continuous on the entire cell surface of all three epithelial cell types. In contrast to Fer-ConA, no differences were found in Fer-RCA binding pattern on the cell surfaces among three cell types except that the binding sites were somewhat more numerous in the basal cell.
The apical plasma membrane of the superficial cell in the transitional epithelium of the rat urinary bladder is thus a specialized membrane in terms of morphology and composition of membrane surface carbohydrates. The cellular polarity of the superficial cell can be readily appreciated by the ferritin-labeled lectin binding technique.
The transitional epithelium of the mammalian urinary bladder is composed of three cell layers, i. e., superficial, intermediate, and basal cell layers. The apical plasma membrane of the superficial cell is a highly specialized membrane with concave plaques of the asymmetric unit membrane (AUM), which have hexagonal lattice of sub-units and are separated by narrow ridge regions of the ordinary unit membrane (UM) (7) . Ultrastructural features of the AUM are probably related to its functional properties, i. e., this membrane acts as a barrier to flow of water and ions between the hypertonic urine and the isotonic tissue fluids. It can be presumed that the ultrastructural and functional characteristics of the AUM reflect its unusual chemical composition of lipids and proteins (2, 15, 22) .
In the urinary transitional epithelium, as we already reported (11, 23) , the apical plasma membrane of the superficial cell exhibits a unique binding pattern of particular types of labeled lectins. That is, binding sites of concanavalin A (ConA) and other lectins such as peanut agglutinin (PNA), wheat germ agglutinin (WGA), etc. are restricted to the narrow ridge regions of the ordinary UM, and are absent on the plaques of the AUM, while those of Ricinus communis agglutinin (RCA) and soybean agglutinin (SBA) are rich on the entire surface of the apical plasma membrane (8, 11) . Thus, the apical plasma membrane of the superficial cell reveals regional differences in the surface specificity at the level of microdomain also. On the other hand, lectin binding patterns on the basolateral membrane have remained undissolved due to technical difficulties.
In the above-referenced studies (8, 11, 23) , ferritin-labeled lectins were applied to the lumen of live bladder or pieces of the tissue. Indeed the ferritinlabeling method employed in those experiments has been quite useful to characterize in detail the lectin binding sites distributed on the cell surface (9) . However, particulate markers such as ferritin and colloidal gold are hardly able to gain access to the tightly sealed intercellular spaces as well as to intracellularly located targets (8) . In order to examine the surface specificity of the entire cell surface of the intermediate and basal cells as well as the basolateral plasma membrane of the superficial cell, these portions should be exposed directly to the ferritin-labeled conjugates. Therefore, it was necessary to dissociate the epithelial tissue in advance into single cells and/or clumps of several attached cells so as to enable the conjugates to reach and to react directly with all of the portions of the plasma membrane of each cell composing the urinary transitional epithelium. Thus, we describe in this paper a method for the dissociation of bladder epithelial cells, and using this method we carried out and report the results of ferritin-labeled ConA and RCA (Fer-ConA and Fer-RCA, respectively) binding studies on the whole plasma membrane of each of the three cell types constituting the rat urinary transitional epithelium. 
MATERIALS AND METHODS

Separation
RESULTS
Morphological features of dissociated transitional epithelial cells Among the dissociated epithelial cells the superficial cell was characterized by its extremely large size and long oval contour tapering in the basal direction in profile. The most remarkable feature of the superficial cell was the thickened, angular apical plasma membrane that was divided from the basolateral plasma membrane by a tight junction. Fusiform vesicles and filaments were seen mostly in the apical region, while large vacuoles had gathered at the bottom side in the cytoplasm (Fig. 2) . The apical plasma membrane was composed of the AUM and interposing ridge regions of the ordinary UM. Thus, the cells had a dome-like appearance (Fig. 2a) . The basolateral plasma membrane was composed of the ordinary UM. Hence, the superficial cell exhibited a morphologically discernible cellular polarity even after the dissociation procedures (Figs. 2,5 ).
Intermediate cells (Figs. 2, 3 ) as well as basal cells (Fig. 4) showed a round contour after dissociation. The intermediate cell was larger in size and had less dense cytoplasm than the basal cell. Furthermore, the intermediate cell could be distinguished from the basal cell by the presence of fusiform vesicles in the cytoplasm of the former cell (Figs. 3-5a, c) .
The basal cell appeared dark and was the smallest in size among the three cell types of the transitional epithelium. It contained many free ribosomes, few mitochondria, and a small amount of endoplasmic reticulum, which account for its high cytoplasmic density. Fusiform vesicles were not found in its cytoplasm (Figs. 4, 6, 7) . Binding of Fer-ConA on the surface of dissociated transitional epithelial cells
Of superficial cells, the ConA binding sites as represented by the ferritin particles were essentially negative on the apical plasma membrane except for on TABLE 1. Binding of ferritin-labeled lectins on the cell surface of dissociated rat bladder epithelial cells its ridge regions, on which a few ferritin particles were observed (Fig. 2b) . In contrast to the apical plasma membrane, the basolateral plasma membrane showed abundant ferritin particles having a random distribution (Fig. 2c, Table 1 , t-test: p<0.05).
There was an obvious cellular polarity in ConA binding pattern between the apical and basolateral plasma membrane in this type of cell.
Of intermediate cells, the number of ferritin particles on the plasma membrane was intermediate among the three types of the cells (Table 1) . We noted that the Fer-ConA binding varied depending on the areas of the plasma membrane in each intermediate cell. That is, some particular areas of the plasma membrane made of the AUM showed extremely few ferritin particles, while the other areas of the plasma membrane made of the ordinary UM had numerous ferritin tags in a given cell (Figs. 2c, 3b) . Thus, the number of the ferritin particles varied from cell to cell among the intermediate cells (Table 1) .
Regarding basal cells, Fer-ConA had an abundance of binding sites distributed continuously over the entire surface of the cell (Fig. 4b) . The number of ferritin particles per unit length of the plasma membrane was the highest among the three cell types (Table 1 , t-test: p<0.05).
Morphological features and Fer-ConA binding patterns on the cell surfaces of the three cell types after dissociation are summarized and schematically illustrated in Fig. 9 . Binding of Fer-RCA on the surface of dissociated transitional epithelial cells
The RCA binding sites on the surface of the plasma membrane were numerous and continuous in all three types of the cells from the transitional epithelium. The number of Fer-RCA particles was greater than that of ConA binding (Table 1 ). In contrast to Fer-ConA binding, Fer-RCA binding sites on the apical plasma membrane of the superficial cell were numerous and continuous in distribution (Fig.  5b) , and the distribution of Fer-RCA was similar between the apical and the basolateral portions of the plasma membrane (Figs. 5b, c) (Fig.  5c ). There were no regional differences in number of ferritin tags for RCA binding on the cell surface of this type of cell either (Fig. 5c) .
Fer-RCA binding of the basal cell was extensive. The number of ferritin particles was the highest as compared with that of the other two cell types of the transitional epithelium ( Fig. 6 ; Table 1 , t-test: p<0.05).
Control studies
The cell surface of all three types of the dissociated cells was essentially free from ferritin-tagged lectin when the cells were incubated in the medium containing either unconjugated ferritin or Fer-lectin with the addition of specific hapten sugars, i. e., 0.2 M for ConA (Fig. 7) and 0.2 M lactose for RCA (Fig. 8) . In the present study, the lectin binding patterns on the luminal plasma membrane of the dissociated superficial cell remained unchanged as compared with those obtained without enzymatic dissociation treatment (11) . As a matter of fact, our previous studies (12, 17, 24) demonstrated that enzyme treatment, if carried out under appropriate conditions, causes no significant change in lectin binding patterns in dissociated tissue cells. This has been confirmed, for example, in enzymatically dissociated rat renal tubule cells (24) , porcine thyroid follicular cells (17) , and human pituitary adenomatous cells (12) . Furthermore, functional aspects, such as secretory activity, e.g., of glandular cells in dissociated human pituitary are the same as those of the intact tissue before dissociation (12) . It seems to be quite reasonable, therefore, to regard the density and distribution pattern of lectin binding sites on the entire surface of the dissociated epithelial cells, as revealed here by the ferritin labeling technique, as representative of those of the tissue before dissociation.
DISCUSSION
As mentioned above, the dissociated cells appeared to maintain their original morphology. Morphological differences, however, were found to some extent. With respect to the superficial cell, the most well differentiated among the three types of the cells, the apical plasma membrane showed an oval contour in profile and covered the greater part of the cell surface; while the basolateral plasma membrane became shorter and the basal cytoplasm showed an abundance of vacuoles after dissociation. Similar changes have been reported in frog urinary bladder epithelial cells (4), although these cells correspond phylogenetically to the renal tubule cells in mammals. These changes in cell shape with the broader apical and the narrower basolateral plasma membrane have not been observed in the dissociated epithelial cells of other organs, e. g., intestinal mucosal epithelium (10), thyroid follicular epithelium (17) , or renal tubules (24) . Alterations of the cell contour may be explained by the presence of engulfment of the basolateral membrane in contrast to the preservation of the apical membrane, or by the addition of fusiform vesicles to the apical membrane during the dissociation procedures, or by both. The mechanism may partly be supported by the finding that dissociated live superficial cells engulf the conjugates exclusively at the basolateral plasma membrane when reacted with Fer-lectin (unpublished data), and that the apical cytoplasm is usually rich in fusiform vesicles, a supposed reservoir for the AUM.
Deformity after dissociation was observed also in the intermediate cell. Some parts of its plasma membrane were composed of the AUM, which exhibited the same lectin binding pattern as that in the apical membrane of the superficial cell. That is, both the AUM and the ordinary UM were intermingled with each other at random on the cell surface. This seems to be a change that occurs during dissociation because the AUM has never been observed at the surface of the intermediate cell of the intact tissue. When the intermediate cell was set free from its original tissue by the dissociation procedures, the fusiform vesicles in the cytoplasm, whose limiting membrane is of AUM type, might have moved and fused randomly with the plasma membrane.
It is interesting to note that the AUM structure was never observed in the basolateral plasma membrane during and/or after dissociation in the superficial cell.
When we consider the differentiation of the intermediate cell to the superficial cell in the transitional epithelium as well as in stratified epithelia in general (1, 20) , the fusiform vesicles in the cytoplasm of the former cell, which vesicles are a precursor or reservoir of the luminal AUM (7), may be fused with a certain membrane domain that designates the apical portion of the future superficial cell. Development of the tight junction during cellular differentiaion may play a key role in the proper delivery of the fusiform vesicles. The tight junction may also function as a barrier to diffusion of membrane constituents between the apical and basolateral membranes (3, 19) . Cytoskeletons such as microfilaments, observed mostly in the apical cytoplasm, may join and serve as a machinery for the delivery of the fusiform vesicles to the cell surface (16, 18) . Due to these mechanisms, the superficial cell might maintain its plasma membrane polarity after dissociation.
This study showed an appreciable decrease in the number of Fer-RCA binding sites with cellular differentiation.
Also evidently indicated were regional differences in ConA but not in RCA binding between the apical and the basolateral plasma membrane of the superficial cell. Most of the apical plasma membrane, i. e., the plaque region composed of the AUM, showed practically no binding to Fer-ConA; while the basolateral plasma membrane composed of the ordinary UM was labeled evenly with Fer-ConA. In the apical plasma membrane of the adult transitional epithelium, the ridge region of the ordinary UM structure is an exceptional place where ConA has binding sites. During embryogenesis of the mammalian urinary bladder, microvilli composed of the ordinary UM with abundant ConA binding, at first, line the luminal surface of the transitional epithelium , and are then gradually replaced with the AUM, forming plaques without Fer-ConA labeling (11) . During carcinogenesis, the luminal surface membrane exhibits a reciprocal change in morphology and ConA binding pattern (11, 23) . The AUM structure is to be considered as a uniquely specialized, and at the same time, as a fully differentiated form of the plasma membrane in the transitional epithelium.
The polarity in Fer-ConA binding pattern of the dissociated superficial epithelial cell between the apical and the basolateral cell surface is seen in various epithelial cells, e. g., mouse intestinal mucosa cells (10) and mouse kidney tubule cells (24) . In these epithelial cells, the apical plasma membrane has more abundant ConA binding sites than the basolateral plasma membrane does. However, the reverse is the case for the Fer-ConA binding pattern in the superficial cells of the transitional epithelium, as we have documented here.
Fer-RCA binding sites were abundant on both the apical and basolateral aspects of the plasma membrane of the superficial cell. These findings suggest that the apical plasma membrane of the superficial cell is a unique, highly differentiated membrane rich in galactosyl and poor in mannosyl residues. The regional differences and unique components in the apical plasma membrane may contribute to the unique morphological and functional characteristics of the superficial cell of the transitional epithelium.
